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Sunmar y

Progress was nade in several areas during the last 6 nonths. 4
presentations were nade at scientific neetings, and one paper was
accepted for journal publication, one is nearing conpletion for
submttal to a journal, and 2 proceedi ngs papers were publi shed.
Additionally, one abstract was submtted and accepted for
presentation at an upcomng neeting. Plans for a snow sea ice

m ssion in A aska have been formul ated, and flight hours were
approved. The ATBD Version 2.0 peer-review panel results were
recei ved and responses were prepared and submtted to the ECS
Project in Novenber along with the ATBD Version 2.0. The SDST

Fl at head Lake neeting on MODI S data simnulation was attended as was
the MODI'S Team Meeting and t he BOREAS wor kshop

A conparison of Landsat TM data, nmapped by conventi onal
supervi sed-cl assification techni ques, and by SNOVAP has been
conpleted. MAS data acquired in February at the BOREAS test site
have been analyzed in a prelimnary manner. The SNOVAP al gorithm
was applied to the MAS data.

TM scenes of sea ice in Hudson Bay and near Antarctica have been
acquired and classified. Results show that SNOVAP is a useful

al gorithmfor mapping sea ice. SNOVAP is currently being nodified
to work for sea ice and the sea ice mapping algorithmw | be
called CEMAP. No validation studies have been perforned as yet.

JimFoster/ 974 is conpleting work on his Ph.D. dissertation from
the University of Reading, England. Sone of the work rel ates
directly to the MDD S project and results are reported herein.

Code for the snow mapping al gorithm SNOVAP, has been turned in to
the SDST in accordance with requirenents for the Beta Software
Del i very.

Future plans include conducting the field and aircraft programin
Al aska in April 1995, and hol ding a snow workshop to be held at
Coddard in Septenber 1995.

A.  Task ojectives

The primary objective of the MO S snow work is to devel op, test
and validate algorithns that will be used to map snow and sea ice
cover globally, using MDD S calibrated radi ances. Additionally,
ot her snowpack properties will be studied in order to inprove our
under st andi ng of snowpack energy bal ance. Concurrent with the



devel opnent of an algorithmto map snow using MODI S dat a,
algorithnms to map snow gl obal |y using passive-m crowave data are
bei ng validated and plans are being formul ated to conbi ne visi bl e,
near-infrared and passive-m crowave data to optim ze snow nmappi ng
and mappi ng of snow refl ectance and water equivalent. A product
conbi ning visible, near-infrared and passive-m crowave data is
anticipated to be a post-launch product.

B. and C.  Wrk Acconplished and Data Anal ysis

Supervi sed classification of Landsat TM dat a

Snow cover on TM scenes of the foll ow ng areas has been napped:

d aci er Bay, Al aska, Vatnajokull ice cap area, Iceland, northern
M nnesota, northern Montana including G acier National Park and

t he Chugach Mountains. Results of the supervised classifications
were conpared with the results of the SNOVAP cl assification
Results of each were also conpared interactively with a TM band 5,
4, 2 color conposite, digital reflectance i nrage of each scene.

Detail ed anal ysis of each scene indicated that, overall, a better
classification was achi eved usi ng SNOVAP t han when superrvi sed
classifications were perfornmed. Additionally, SNOVAP did a nore
consistent job in the snow cl assifications than was done when
supervi sed-cl assification techniques were used. In the 4 nearly-
cloud-free images, supervised versus SNOVAP results conpared to

wi thin about 6 percent (Table 1). Results of the 2 classification
techni ques conpared less well in the 2 scenes where cl oudcover was
a significant factor.

In the case of the 14 March 1991 d acier National Park scene
conpari son, because of extensive cloud cover, the supervised
classification was poor. That is the reason for the large (12.4
percent) difference between the results of the SNOVAP- and
supervi sed-cl assification approaches to mapping (Table 1). Using
supervi sed classification, it was difficult to define pixels in
cl oud shadows that were snow covered w thout inadvertently mapping
non-snow pi xels as well. In the case of the 29 Septenber 1992
Chugach M's. scene, a thick cirrus cloud in the northeastern part
of the inmage was erroneously mapped as snow by SNOVAP, but not by
t he supervi sed-classification technique. The presence of this
cloud caused the relatively large (9.5 percent) difference in
results in the two classification techniques (Table 1).

The SNOVAP cl assification nmapped areas of shadowed snow nmuch
better than did the supervised classification, while in sonme cases
(e.g. the dacier National Park scene acquired on 09 May 1994),

t he supervised classification nmapped nore snow at the edges of
snow covered areas. Both classification techniques generally did
a good job of mapping snow under very thin cirrus clouds. Both

t echni ques mapped a few, stray, non-snow pi xels outside of the
snow covered areas. SNOVAP nmapped nore snow i n dense forests



(e.g. around Lake MacDonald on the 14 March 1991 d aci er Nati onal
Park scene) than did the supervised classification.

Interestingly, SNOVAP did not map very dark glacier ice as snow on
the I cel and scene covering Vatnajokull ice cap, while the
supervi sed-cl assification technique did. Using both techniques,

it is concluded that, for pixels that are conpl etely shadowed, or
conpl etely covered by tree canopy, there is insufficient signal
fromthe snow, thus there is no neans of determn ning ground cover
usi ng optical sensors.

Table 1. Snow covered area (SCA) in kn2 and percent of full TM
scene determ ned using supervi sed versus SNOVAP cl assification
techniques. G\P refers to Qacier National Park, Mntana, Ch
refers to the Chugach Ms., Al aska, Vat refers to Vatnajokul |

| cel and and MN refers to northern M nnesota. Percent change
refers to the difference in the anmount of SCA napped using the two
di fferent approaches for mappi ng snow cover.

Super vi sed SNOVAP

knm2 (percent) km2 (percent) % change
G\P 14Mar 91 6,450 (19.1% 10, 631 (31.5% 12. 4
G\P 06Mar 94 10, 253 (30. 3% 10, 953 (32. 4% 2.1
G\P 09May94 4,126 (12.2% 4,006 (11.9% 0.3
Ch 29Sep92 12,841 (38.0% 16, 021 (47.5% 9.5
Vat 19Cct 92 12,020 (35.6% 13, 033 (38.6% 3.0
MN  09Nar 85 19, 443 (57.6% 21,534 (63.8% 6.2

BOREAS/ MODI S snow wor K

In connection wth the MODLAND BOREAS proj ect, sone progress has
been made. W found a problemin the original MAS data of the
BOREAS site that was given to us. The reflectances were

cal cul ated inproperly. RDC (Paul Hubanks and Liam Guni ey)
corrected the problemand issued us revised data. W ran SNOVAP
on the MAS data of 2 flight lines. SNOVAP nmapped a cirrus cloud
in the scene as snow. W could easily correct this problem by
changing the threshold I evel of the band ratio, but this is
undesi rabl e because, in the future, the algorithmhas to be run
automatically. Wth the 8 TM scenes nenti oned above, we will
further assess the seriousness of the cirrus cloud problem



Anot her problemarea in the mappi ng of snow usi ng SNOVAP on the
BOREAS MAS data is dense forest cover. Dense forests characterize
the area and there was snow underneath the trees according to
ground neasurenents. However, only about 60 percent of the scene
was nmapped by SNOVAP t hough we know that the entire area was snow
cover ed.

O her BOREAS work includes the anal ysis of the passive-m crowave
data that were acquired. W have averaged the brightness
tenperatures in the flight Iines and are beginning to conpare
results with ground nmeasurenents acquired by the Canadi ans.
Prelimnary results were reported by D. Hall at the AGJ Fall
nmeeting in San Franci sco, and by A Chang/ 974 at the recent BOREAS
wor kshop in WIIianmsburg, VA

Sea | ce

TM scenes of sea ice have been acquired and anal ysis has begun.
Sone TM quarter scenes were acquired from Ron Wl ch (ASTER tean)
of the South Dakota School of M nes and Technol ogy. Another scene
was purchased fromthe ERCS Data Center of Hudson Bay.

Prelimnary analysis indicates that SNOVAP is useful for mapping
sea ice. As analysis continues, it will be nodified and called

| CEMAP. Validation activities will be done in collaboration with
Dr. Wl ch.

Code for the Beta Software Delivery for ICEMAP is nearly conpl eted
and should be submtted to SDST by the end of January 1995.

SNOW COVER AND SNOW MASS | NTERCOVPARI SONS | N THE BOREAL FORESTS
FROM GENERAL Cl RCULATI ON MODELS AND REMOTELY- SENSED DATA SETS
(From Chapter 4 of J. Foster's Ph.D. dissertation)

| nt r oducti on

Forests present the biggest challenge to mcrowave snowretrieva
algorithnms. A gorithns need to be refined in order to reveal
better what the forests conceal. Because nmuch of the lands in
Eurasia and North America are covered by forests, it is inportant
that the passive mcrowave data and the nodels are eval uated for
forested regions, as well as continentally. The boreal forest
region is sufficiently large so that an adequate nunber of nodel
grid cells are available for a quantitative conparison

The boreal forests which stretch across the northern tier of North
Anerica and Eurasia are a mxture of evergreen needl el eaf,

deci duous needl| el eaf and deci duous broadl eaf tree speci es which
cover an area approximately 12 x 106 knR2. This is the

physi ographi c regi on where nost of the difference seens to occur
bet ween the snow depth neasurenents based on climatol ogi cal data
and those based on m crowave observati ons.

Snow i s probably the nost ephenmeral resource in subarctic regions.



In the boreal forests snow covers the ground for at |east half of
the year, accumul ates to deeper depths and nelts later in the
spring than in adjacent tundra or prairie areas. Since the borea
forests of the Northern Hem sphere constitutes approxi mately 15%
of the lands normally covered by snow during the wi nter and
upwar ds of 40% of the | and surface nornally snow covered during
the autumm and spring, nore reliable neasures of the snow depth
and snow cover extent in boreal areas are needed for inproved
ener gy bal ance and wat er bal ance esti nates.

Bor eal Forest Physi ography

The northern limts of the boreal forests or the treeline often
serve as the boundary between the Arctic and subarctic. This
treeline is generally rather gradual with the proportion of forest
to tundra varying, but it closely corresponds to the 100C nonthly
nmean tenperature for July. Factors such as the depth of the
per maf rost, drai nage, exposure and aspect results in patches of
forest on either side of this isotherm |In North Arerica the tree
line trends in a northwest to southeast direction largely due to
the cooling effects of Hudson Bay during the sumer nonths.

There are four subzones within the boreal forests. These are the
wooded tundra, |ichen woodl and, cl osed boreal forest and forest
parkl and. The wooded tundra forns the northern border of the
boreal forests.

Here spruce and larch are stunted and found in patches. The
savannah-1i ke |ichen woodl and consi sts of ground coverings of

i chens and stands of spruce and pine grow ng together. The

cl osed boreal forest is particularly dense with stands of pine,
spruce and fir interspersed. Wthin this zone and al so the Iichen
woodl and zone in North Anerica, the Canadian Shield rock is
soneti mes expressed at the surface which results in a rock-strewn
| andscape with scrawny conifers.

Muskeg and peat bogs are also part of the closed forest, and in
this wet environment black spruce and |larch are commonly found.
Deci duous trees, especially aspen, poplar and birch are found
towards the southern part of this zone. The nost southerly-zone
is the forest parkland which is the transition between the boreal
forests and the prairies or steppes. Jack pine, aspen and

grassl ands coexi st here.

The boreal forests in Eurasia and North America share many
characteristics but there are some notable differences. Because
of the greater continentality of Eurasia, the boreal forest there
are nore frequently underlain by permafrost than in North Anerica.
Wil e coniferous trees domnate the northern |atitudes of both
North America and Eurasia, |arches are especially abundant in
Eurasia and are the nost nunerous conifer in Russia covering about
2.6 x 106 knR2. Larches belong to a class of deci duous evergreens.
They shed their needles in winter helping to resist the extrenely
dry as well as cold conditions which prevail across Siberi a.



Larches are particularly dominant in central Siberia, where the
continentality is greatest, and where the tundra nmeets the boreal
forest. Mst |arches grow above permafrost areas. Due to a root
systemthat spreads-out horizontally in search of the limted

noi sture avail able at the surface, the trees are prevented from
growi ng too cl ose together.

Sone tree species in the boreal forest of both Eurasia and North
Anerica are shrub-like hugging the ground only a nmeter or so above
the surface. For exanple, the Dwarf Japanese Stone Pine is conmon
in the forests of far eastern Russia and China. These trees are
covered by the insulating snow early in the winter protecting them
fromthe freezing conditions.

In general, the tall stature, high | eaf area index and high
fractional cover of the boreal forest results leads to a

consi derabl e reduction of the snow covered surface al bedo due to
protrudi ng vegetation. Tederer reported in 1968 that for a 50 cm
snowpack at sol ar zenith angl es between 620 and 740, the al bedo of
a hardwood and pine forest was in the range from0.14 - 0.25. For
a nearby snowcovered field the al bedo was 0.72. Robinson and
Kukl a (1984) obtained simlar results.

Al t hough the coni cal shape and short springy branches tends to
hel p shed snow and thus prevent accunul ati on, coniferous forests
may retain sone snow in their canopy for extended periods during
the winter.

This tends, at least locally, to increase the forest al bedo
slightly. The effects of the reduced al bedo of the boreal forests
i ncreases hem spherically averaged surface air tenperature by

al nost 20C and the | and surface tenperature at 650 N | atitude by
nore than 50C, conpared to treel ess areas.

Resul ts and Anal ysi s

The GCMs used in this interconparison are the sane ones used in
the continental study with the exception of the CCC nodel; nanely
the United Ki ngdom Meteorol ogical Ofice GCM (HC), the University
of Hanmburg/ Max Planck Institute GCM (ECHAM, the Goddard
Laboratory for Atnospheres GCM (G.A) and the CGoddard (ARIES) GCM
Each of these are run for the period from 1979-1988. 1In addition
two nodels are included in this interconparison and are run for a
non-specified 5 year period. They are the Goddard Institute for
Space Studies GCM (A SS), the National Center for Atnospheric
Research GCM (GENESI S) .

In this part of the interconparison results are presented and

anal yzed for snow cover and snow mass in the boreal forest zones
of North Anerica and Eurasia. Forests in northeastern United
States and in northeastern China, and al so in northern Europe are
included in these results, though they are not within the borea
forest province, since they are typically underlain by snow during
at least a portion of the winter and are sufficiently dense to



ef fect the m crowave response. Wereas the area of the borea
forest is approximately 12 x 106 knR for North Anerica and Eurasia
conbi ned, the forested area here is given as approximately 17 x
106 kn2. It should be noted that because of differences in the
cell sizes used in the various data sets the areas, and therefore
t he mass, do not correspond that closely. For exanple, the
forested area for Eurasia fromthe Canadian Aimate Centre GCMi s
12.86 x 106 kn2 and fromthe MPl nodel is 10.35 x 106 knR, a

di fference of alnbst 20% Using a grid size of 40 kn2 (SDC dat a)
the forested area for North Anerica and Eurasia is given to be
6.47 x 106 kn2 and 10.78 x 106 knR, respectively. Because the
snowine is sonetines difficult to observe from NOAA satellites
when within forested realns, it was decided that the surface-based
SDC snow cover data woul d provide a better baseline against which
to conpare the passive mcrowave estinmates and the nodel out put.
Unfortunately, using this static data set as the standard of
reference precludes the use of significance tests since standard
devi ati ons cannot be conputed. Tables 1 - 4 show average nonthly
snow cover extent for each of the nodels and the SDC and the SMWR
data. These tables al so show absol ute and percentage differences
for SMMR and the nodel s when conpared to the SDC.

From Table 1 it can be seen that snow covers the North Anmerican
forested area about 50% of the time according to the SDC data, the
SMW\R data, the UKMO, ARIES, GEN and G SS nodels. For the G.A Ml
and CAN nodel s snow covers the ground greater than 60% of the
time.

The SMWR val ues show too little snow extent in Novenmber and
Decenber when conpared to the SDC data. This is also the case for
the UKMO nodel results, especially for Novenber. The GEN node
underesti mates snow extent in Novenber and May, and the ARIES
nodel produces too little snow in Novenber and April. Wth the

G SS nodel the snow extent is too small in April and May, and
probably too large in Cctober. The MPI and CAN nodel s both
produce too rmuch snow i n Septenber and Cctober, and the CAN nodel
al so produces too great a snow cover in May and June.

For Eurasia, as can be seen in Table 3, SDC, SMV\R and the UKMD
ARIES, and G SS nodel s covers the ground with snow bet ween 56. 0%
and about 61.0% of the year. The GEN nodel keeps show on the
ground slightly Iess than 50% of the time. As was true in North
Anerica, the G.A, Ml and CAN nodel s keep snow on the ground for a
hi gher percentage of the tine (about 68%. In conparison to the
SDC data SMVR and all of the nodels show too great a snow cover in
April and May. In June there is also too nuch snow for SMVWR and
each of the nodels except for the UKMO, GLA, AR ES and GEN nodel s.
The MPI and CAN nodel s overestimate the snow cover in June as
well. In Cctober, SMVMR and the UKMO G.A, AR ES and CGEN nodel s
under esti mate snow extent.

When conpared to the SDC data for North America SM\R
underesti mat es snow mass by a consi derabl e anount from Novenber
t hrough March (Table 3). This was al so the case when | ooki ng at



results for the entire continent. As for the nodels the GA
ARIES, G SS, CAN and CEN nodel s al so underesti mate the snow nmass
during the col dest nonths. Mbst of the nodel s overestinmate snow
mass from April through June. 1In addition, the UKMO nodel
produces too nuch snow during the sumrer and fall. The average
annual snow mass for the UKMO nodel is 47%greater than that from
the SDC. In contrast snow mass fromthe AR ES nodel and SMVR dat a
are less than that fromthe SDC by 46% and 49% respecti vel y.

Boreal forest results from SMWR and the GCMs for Eurasia conpare
nore favorably with the SDC t han was observed for North Anerica
(Table 4). SMWR underestimtes snow mass in the autumn nont hs and
overesti mates snow mass during spring. The nodel results are
simlar to those from SMVR Each of the nodels al so produce too
much snow in April and May and too little snow during the autum.
The average annual snow mass from SMVR is 13% | ess than neasured
with the SDC, and for the GCMs there is a 55%difference between
the ARIES nodel and the SDC but only a 5%difference between the
G SS nodel and the SDC. It should be noted though that the
average annual snow mass val ues correspond rather closely with the
SDC val ues only because excesses in sone nonths tend to be
count er bal anced by deficiencies in other nonths.

For instance, even though there is only a 5% average annual

di fference between the SDC and the @ SS snow nass, six of the

twel ve nont hs have val ues that are considerably different.
Nevert hel ess, in March when the maxi nummass is typically
observed, the SMWVR and nost of the nodel results agree with the
SDC.

D scussi on

In Eurasia at the tine of nmaxi mum snow extent, the forested areas
(boreal and northern transition) conprise about 37% of the total
snow cover area. About 46% of the continental snow nmass is stored
in these forested areas. The average snow covered area in Eurasia
during February fromboth SDC and SMVR data i s approxi mately 29 X
106 knR. The forested area fromSMWR is also nearly the sanme as
the SDC (10.8 x 106 knR). In March the average continental snow
mass fromthe SDC data is about 286 x 1013 kg and from SMVWR t he
mass i s about 242 x 1013 kg; a difference of 15.4% The average
snow mass in the forested areas of Eurasia at this tinme is
approximately 139 x 1013 kg and 124 x 1013 kg fromthe SDC data
and the SMVR data, respectively. So about 34% of the
underestimation of the continental snow mass fromthe SMVR dat a
can be attributed to underestimati on of snow nmass in the forested
areas of Eurasia.

In North America the boreal forested area covers a | arger

percent age of the maxi num continental snow extent than it does for
Eurasia. The boreal forest conprises about 43% of the continental
snow area, and nearly 54% of the snow nass in North America is
stored in the boreal forest in late winter. The SMWR derived

maxi mum snow cover for North America is about 9% ess than that



neasured fromthe SDC data. Al so, the SMVR derived boreal forest
area i s about 13% 1l ess than that neasured fromthe SDC data. The
continental snow mass in March is approximately 210 x 1013 kg from
the SDC data and approximately 88 x 1013 kg from SMVR, and the
boreal forest snow nmass is about 113 x 1013 kg and 49 x 1013 kg
fromthe SDC data and SMVR, respectively. Taking the above area

di fferences into account, then as much as 56% of the
underestinmati on of the continental snow mass in the winter can be
attributed to the underesti mati on of snow nass in the borea
forest.

For each of the snow mass data sets in North Anerica, the SDC
data, SMMR and the GCMs, during the wi nter about 50% of the
continental snow nass is stored in the boreal forest. Sonewhat
less is stored in the forests of Eurasia.

Bot h the nodel and SMV\R results conpare favorably to the wi nter
SDC snow nass neasurenents in Eurasia for the continent as a whol e
and for the boreal forest. However, in North Anerica the nodel s
conpare reasonably to the SDC data, but SMV\R estinmates do not.

One reason for this, as alluded to earlier, is the higher
continentality of Eurasia, the degree of influence | and has on
climate, which results in larger areas of permanently frozen
soils. This permafrost favours the growh of species such as

| arch which generally grow in open stands and drop their needl es
during the winter. Both of these characteristics facilitate
better renote sensing estimtes of snow cover and vol une.

In Eurasia SMV\R estimates for about 80% of the snow nmass as
nmeasured by the SDC data, during the winter and nore than a third
of the underestimation (about 7% is due to the masking effect of
t he boreal vegetation. However, in North Amrerica, SMWR only
accounts for about 42% of the SDC neasured snow mass during the
nmont h of March; as previously nentioned, approximtely 56% of the
underestimation results fromvegetation interfering with the
scattering signal emanating fromthe underlying snow surface.

SMW\R al so underestinates the snow extent in North Anmerica by about
9% as conpared to the SDC data during the winter. In the vicinity
of the snowline the snow depth is usually shallow (< 5 cm, and

t he underestimati on of this snow extent probably only results in
an underestimation of a few percent of the continental snow nass.
This means that, for the remaining non boreal portion of snow
covered North Anerica (about 57%, nearly 40% of the
underestimation is still unexpl ai ned.

As was observed on a continental basis, the nodels performbetter
in the boreal forests during the winter and sumrer nonths than
during the transition nonths when conpared to the SDC data. In
the autum (Cct.-Dec.) the snow mass from SMVR and from the nodel s
| ags behind the snow mass val ues fromthe SDC by about one nonth .
In some cases the smaller snow nass val ues may be partially
expl ai ned by the snaller snow extent estinmated by nost of the



nodel s and derived from SMVR  However, even when the snow cover
is the same or larger than the SDC snow cover, the nodels stil
underestimate snow nass at this tinme of year. For nost of the
nodel s in both Eurasia and North America the tenperatures are
probably sonewhat too high for these latitudes. Cyclonic systens
followng the stormtrack, which is normally positioned near or
within the boreal forest during the autumn, are thus precipitating
rain and not snow. The converse of this occurs in the spring;
tenperatures are too low and precipitation is all snow.

Wth SMVR the underestimation seens to result fromthe obscuration
of the shall ow but buil di ng snowpack by the dense vegetati on,
particularly by the under-store or sub-canopy. Wen snaller
shrubs becomne cl oaked in snow and the pack builds beneath the
canopy and the canopy itself is retaining some snow, m crowave
sensors then receive a stronger scattering signal.

The Snow Depth dinmatol ogy data need to be discussed as well, for
there are peculiarities in the nonthly snow nmass val ues whi ch seem
counterintuitive.

Wien | ooki ng at the SDC snow nass data it can be questi oned

whet her the relatively few data points (mneteorol ogical stations)
used to construct the isonivals are sufficient to represent snow
depths realistically in the boreal forests. For instance, from
March to April in Eurasia half of the snow nmass is |ost, but only
about one quarter of the snow cover has nelted.

This al so happens in North Anerica. Again the mass is decreased

by half from March to April, but the snow extent decreases by only
about 18% In the northern reaches of the boreal forest the
snowpack is still well established at this tine and may even gain

mass in sone |ocations. Also, the density of the snowpack in
northern latitudes is likely to increase in April even w thout

addi tional accunul ations. The Eurasian SDC data indicates that
the snow nass is greater in the boreal forest in Qctober than My
(31.4 x 1013kg to 15.4 x 1013kg ) and in Novenber than April (68.7
X 1013kg to 64.6 x 1013kg). The opposite is true in the North
Anerican boreal forest and also for the Eurasian continent as a
whol e. The SMWR data and each of the nodels are all in agreenent
that for the boreal forest regions of Eurasia and North Anmerica
snow mass in greater in May than Cctober and greater in April than
Novenber .

Several questions are still left unresolved. Wth SMVR even when
the boreal forest masking effect is considered, why is there so
much nore unexpl ai ned, underestimated snow nmass in North Anmerica

t han Eurasia? How can the mcrowave algorithns be refined to
mtigate the influence of vegetation? Wy do sone of the nodels
performbetter in North Arerica than Eurasia and vice versa?

These questions will be | ooked at in the succeedi ng chapters.



Aircraft and Field Canpaign in Alaska (D. Hall, J. Foster, A
Chang, D. Cavalieri/971 and J. Wang/ 975)

52 ER-2 flight hours have been approved for the MODI S/ snow and sea
ice project for a mssion beginning April 3, 1995 in Al aska and in
the Bering Sea. This mssion is being planned jointly by D. Hall
and Don Cavalieri. The objective of the mssionis to acquire
passi ve-m crowave and MAS data, simultaneously when possible, of
snow and sea ice to verify our SNOVAP and | CEMAP al gorithns, and
to determne the extent of the synergy expected by using both
passi ve-m crowave and MODI S sensors together in the future. Field
measurenents will be acquired in central and northern Alaska in
col | aboration with the University of Alaska (Dr. Carl Benson) and
the U S. Arny Cold Regions Research and Engi neeri ng Laboratory
(Dr. Matthew Sturm.

bj ectives for the Snow Part of the Field Mssion (D. Hall). The
primary objective for the snow part of this study is to acquire
data to permt inprovenent in the current algorithmthat we are
using to map snow cover. The current algorithmwas devel oped
usi ng Landsat TM data. Wth the additional spectral bands

avail able on the MAS, and MODIS in the future, we anticipate that
i nprovenents can be nmade to the current algorithm The primary
shortcom ng of the current algorithmis that snow cover in dense
forests is often not mapped. The utilization of additional bands
in the visible, near-infrared and short-wave infrared parts of the
spectrummay permt nore accurate snow cover mapping in forested
areas. Because of the narrow spectral bands of the MAS and MDD S
sensors, bands in the optical parts of the spectrumcan be

conbi ned to map snow wi t hout mappi ng non-snow feat ures.

Wiile it is not expected that the use of the thernal-infrared
bands wi Il inprove the mapping of snow, the thernal-infrared bands
on the MAS will also be studied in the context of snow mappi ng and
snow cl oud di scrimnation.

Additionally, the use of passive mcrowave data will allow us to
test other algorithns that have been devel oped using satellite

m crowave data. These algorithnms map snow extent and depth al beit
at a coarser resolution than is available fromthe optica

sensors. Even with the m crowave data, the snow cover that is
under trees in dense forests is often not mapped. Data from both
the optical and m crowave sensors fromthis mssion wll be used
to determne if the synergistic use of these sensors provides

i nproved mappi ng of snow cover under dense forests.

Anal ysi s of Scanning Miltichannel M crowave Radi oneter (SMVR) and
SSM data has shown that there are areas just north of the Brooks
Range in Al aska, that give anonal ous passive m crowave signatures.
These si gnhatures cannot be expl ai ned by snow conditions and may be
related to atnospheric conditions. At any rate, these areas wl|
be studied in nore detail both in the field and with the resulting
renotel y-sensed data. It is inportant to devel op an under st andi ng



of these anonalies, because until we do, our ability to derive
reliable algorithnms is conprom sed.

ERS-1 data will also be acquired of the study areas. Wile these
data are not expected to relate to the primary objective of the
m ssion, to inprove the snow cover nmapping algorithm it will be
interesting to study the radar signatures of snow (especially if
there is wet snow). Very little work has been done to determ ne
the utility of the SAR data for the snow mappi ng and wat er
equi val ent. Because the investigators (D. Hall and D. Cavalieri)
are ERS-1 and ERS-2 investigators and can receive ERS-1/2 data at
no cost, this data acquisition will enhance the m ssion w thout
addi ng to the cost.

ojectives for the Sea Ice Part of the Field Mssion (D.
Cavalieri/971 and D. Hall). For the MO S project, the primary
objective for the data acquired of sea ice is to map the sea ice
cover. The MAS data over the sea ice will be utilized to test the
current algorithmthat we have devel oped to map sea ice cover.

The MAS data will also be used to test an algorithmto nap sea ice
based on spectral m xture nodeling techniques. This technique is
bei ng devel oped for the MO S project by Dr. Anne Nolin of the

Uni versity of Col orado.

For the M MR project, there are three objectives. The first
objective is to test current sea ice algorithns that nmap sea ice
concentration, ice type and ice tenperature. The second objective
is to explore the potential of using high-frequency (90 GHiz)
channels for inproving these algorithns. Third, the aircraft data
will be used to explore the feasibility of using the high-
frequency channels to help with the probl em of ice-weather

di scri mnati on.

Recently, a passive mcrowave algorithm based on the 19 and 37
GHz dual - pol ari zati on channels of the DVSP SSM |, has been

devel oped for correcting |l ow ice concentration biases in areas of
new and young sea ice and for mapping these ice types in seasonal
sea ice zones. Wile, prelimnary conparisons with a few AVHRR

i mges show that this algorithmprovides a qualitatively correct
distribution of thin ice types, the conparisons also show that the
algorithmmay still yield open water anounts that are too high.
The MAS and passive mcrowave sensors on the ER2 aircraft wll
provide the requisite data needed for validating both the sea ice
type distribution and the open water anount. |In addition, the MAS
wi |l provide information on surface tenperature which will be

hel pful in testing a new SSM| sea ice tenperature al gorithmthat
utilizes output fromthe thin ice algorithm

Littl e use has been nade of the SSMI 85.5 GH channels for sea

ice mapping. The reason for this is their greater sensitivity to
at nospheric absorption and to their reduced dynam c range between
open water and consolidated sea ice. Nevertheless, these channels
may provide information with which to enhance al gorithns based on



| ower -frequency channels. For exanple, at high frequencies
(short-wavel engths) there is nore volune scattering by snow on
sea ice; thus, these data nmay provide the additional information
needed to devel op a snow cover algorithm Analysis of the

conbi ned MAS and passive mcrowave aircraft data set may provide
the insights needed to devel op the physical basis of such an
algorithm A snow cover distribution on sea ice is inportant for
estimating ice growh rates and surface heat fl uxes.

The hi gh-frequency channels may al so provide informati on needed to
hel p discrimnate between atnospheric water vapor absorption and
sea ice. Recently, an enhanced weather filter was recently

devel oped for use with the SSM| sea ice algorithm This was
necessitated by the rmuch hi gher incidence of weather contam nation
over ice-free ocean on sea ice concentration maps derived from
SSM'| radiances. This higher incidence resulted fromthe greater
sensitivity of the 19.4 GHz channels to atnospheric water vapor
than with the 18 GHz channels on the Ninmbus 7 SMVR  The weat her
filter, which is based on the 22 G4 and 19 GHz verti cal

pol ari zati on channels, is generally quite effective, but under
sone circunstances the enhanced filter appears to renove | ow sea
ice concentration information at the ice edge. The high-frequency
data fromthe ER2 aircraft will be used to explore the potentia

of using these data for inproving the discrimnation between

at nospheri c water vapor absorption and sea ice in these instances.

Future Pl ans

As nentioned, in the near future (April 1995), the snow and sea
ice mssion wll be undertaken in Al aska. Analysis of the
resulting data will take place in conjunction with scientists at
the University of Alaska and the U S. Arny Cold Regi ons Research
and Engi neering Laboratory in Fairbanks, AK

The code for the Beta Software Delivery of |CEMAP will be
delivered by the end of January 1995.

A snow wor kshop is being planned. Letters have been sent out to
prospective attendees and nost people indicated an interest in
attending. The workshop will be held during the week of Septenber
11, 1995 at Coddard.

Meeti ngs attended

D. Hall attended the AVHRR Pol ar Sci ence Wrkshop in Boul der, CO
in July and gave a talk on the MOD S snow al gorithm devel oprent
efforts.

V. Sal onobnson attended the | GARSS 94 synposiumin Pasadena, CA in
August and presented a paper on the MDD S snow cover al gorithm
The paper was published in the proceedi ngs of the synposium

G R ggs/RDC attended the Fl athead Lake, MI' workshop on MODI S dat a



sinmul ation in Septenber.

D. Hall attended the AGU Fall Meeting in San Franci sco and gave a
poster on prelimnary results of the BOREAS MAS wor k

Abstracts, papers and reports in preparation

A paper is being prepared for subm ssion to Renote Sensing of
Environnment. This paper discusses results of the ATBD Version 2.

A paper is being prepared for submssion to the Second Topi cal
Synposi um on Conbi ned Optical and M crowave Earth and At nosphere
Sensing to be held in April 1995 in Atlanta, Georgia.

Abstracts, papers and reports conpleted during the last 6 nonths

Version 2 of the ATBD was revi sed according to conments by
reviewers and comments by the peer-review commttee that net |ast
May, and submtted to the ECS Project Ofice.

A paper was witten and a presentation made by J. Foster for the
Eur opean Synposiumon Satellite Renote Sensing, Conference on

M crowave Sensing for Forestry and Hydrol ogy, Rone, Italy,

Sept enber 1994. The paper (Appendix A) is entitled, "Snow mass in
boreal forests derived froma nodified passive m crowave
algorithm" by J.L. Foster, A T.C Chang and D.K. Hall.

A paper (Appendix B) that was presented by D. Hall at the Third
G rcunpol ar Conference on Renote Sensing of Arctic Environnents,
held in May, 1994 in Fairbanks, AK was accepted for publication
in a special issue of the Polar Record that will be devoted to
results fromthe conference.

An abstract (Appendix C was submtted by D. Hall et al. and
accepted for presentation at the AGU Fall neeting held in Decenber
1994 in San Francisco, CA. A poster was presented, and the
abstract entitled, "Mapping snow cover during the BOREAS wi nter
experinment,"” was published in ECS, V.75, pp. 283-284.

An abstract was accepted for the Second Topi cal Synposium on
Conbi ned Optical -M crowave Earth and At nosphere Sensing, to be
held on 3-6 April 1995. The title of the abstract is, "Use of
passive m crowave and optical data for |arge-scal e snow cover
mappi ng," by V.V. Salononson, D.K Hall and J.Y.L. Chien. The
presentation will be given by V. Sal ononson.

QG her internal reports have been witten as required by the MDD S
Proj ect.



